wIth calcIum fertIlIsers on the fIrmness and chemIcal composItIon of two hIghbush blueberry cultIvars *
IntroductIon
Highbush blueberry (Vaccinum corymbosum L.) is mostly grown for the fresh fruit market in Poland. Its bushes have specific habitat and soil requirements, for example acidic peat soils are the best, light sandy soils are possible if the demand for water and nutrients is satisfied. Highbush cultivars are derived from the genus Vaccinium, which grows wildly in soils characterised by a low nutrient content. As a result, fertilising requirements of highbush blueberry are relatively modest, as compared with other fruit crops. However, intensive cultivation influencing high yields and the use of organic litter determine the necessity of fertilisation to keep the content of micro-and macronutrients in the soil and the plants at a constant level (Pormale et al. 2009 ).
Maintaining the high quality of fruits after harvesting, after the storage period as well as during marketing activities, is a goal that producers want to achieve. Firmness is one of the indicators of fruit freshness and attractiveness. Mechanical resistance of the skin and the flesh largely depends on the condition of cellular membranes and, in particular, the chemical composition of pectins binding plant cells together to form tissues. Calcium is mostly responsible as it contributes to the stabilisation of cellular membranes as a component of phospholipids, thus influencing their permeability (White, Broadley 2003) . Calcium deficits or calcium transport disorders cause a large number of physiological diseases, which lower the storage and commercial value of such fruits (Shear 1975) . Plant roots absorb calcium from the soil solution in the form of the Ca 2+ ion (White 2001 , ClarkSon 2003 ; however, the number of free calcium ions is limited by the high humus content, in which organic acids form chelated bindings with Ca 2+ . The low pH of the substrate is also a problem, as it stimulates high Al 3+ , Fe 2+ , Mn 2+ concentrations, which make it difficult to absorb calcium ions (hayneS 1986) . Thus, supply of calcium fertilisers by spraying the plants could be an alternative (WójCik 2004) . Calcium delivered to leaves by means of spraying increased the concentration of this nutrient in fruits by 17% (Saure 2005 , roSen et al. 2006 . Therefore, the best results are observed when solution of a calcium preparation is applied directly onto the fruit surface. Young fruits are characterised by the highest calcium absorption (SChlegel, SChönherr 2002), as the permeability of the cuticle is the highest at that time (Petit-jimenez et al. 2009 ), and properly functioning stomata are an easy route for Ca 2+ absorption. The time of treatment is also very important. The movement of calcium salts largely depends on air humidity. An increase in humidity from 50% to 90% resulted in twice as high a rate of Ca(NO 3 ) 2 absorption through the cuticle layer (SChönherr 2001).
The influence of foliar application of calcium fertilisers with diverse chemical composition on the quality of highbush blueberry fruits, their size, firmness and chemical composition was studied.
materIal and methods
The studies were carried out in 2010-2012, in the Laboratory of Orcharding at the Department of Horticulture of the West Pomeranian University of Technology in Szczecin. The experiment was conducted at a 60 ha production plantation located in the area of Szczecin. Blueberry bushes were planted in the spacing of 1.2 x 2.0, in the podzolic soil of the VI valuation class. The experiment followed a randomised sub-block design (3 blocks, 15 plants in each block). The content analysis of the soil minerals showed a very high level of magnesium, medium levels of phosphorus and calcium, and a low level of potassium. In spring, the nitrogen fertilization was applied at a dose of 45 kg N ha -1 .
Within the growing period, the bushes were sprayed 4 times with calcium solutions (every 10 days from the first decade in June), starting from the fruit setting until the full wetting of the foliage. Liquid calcium fertilizers, designed for foliar fertilization of plants and fruit, were used, together with the Silwet®Gold preparation enhancing the adhesion properties.
-Folanx® Ca29 -solution 1% (LANXESS Distribution GmbH); -Calcium chloride -solution 0.5% (Inowrocławskie Zakłady Chemiczne Soda Mątwy S.A.) CaCl 2 -78-80%, NaCl -3-3.5%; -Lebosol Calcium Forte -solution 1% (Lebosol Dünger GmbH); -Ca -13.5%, Mn -1,5%, Zn -0.5%; -Calcinit -solution 0.5% (Yara Poland) -Ca -19.0%, N 15.5%, (NO 3 -14.5%, NH 4 -1.0%); -control -spraying water. Physical features of fruits (fruit size, firmness, puncture resistance of the skin) and soluble solids, titratable acidity, pH, total polyphenol, L-ascorbic acid and NO 3 were measured on fresh berries immediately after the harvest. Phenolics and mineral composition samples that were kept frozen (-32°C) in polyethylene bags (2 x 500 g) until analyzed.
Fruit diameter, firmness and puncture resistance of the skin were measured with a FirmTech2 apparatus (BioWorks, USA) on 100 randomly selected berries from each replicate, and the latter was expressed as a gramforce causing the fruit surface to sag by 1 mm. A puncture were made using a stamp with a diameter of 3 mm.The fruit weight (three replicates of 100 fruit) was measured on a RADWAG WPX 4500 electronic scales (0.01 g accuracy).
To obtain juice, berries (two replicates of 250 g) were macerated at 50°C for 60 minutes, with the addition of the PT 400 Pektopol enzyme at a dose of 400 mg kg -1 of fruits. After the completion of the enzymatic processing, the pulp was pressed using a hydraulic press at a pressure of 3 MPa (oSzmianSki, Wojdyło 2005). Titratable acidity was determined by titration of the water extract of juice with 0.1 N NaOH to the end point of pH 8.1, measured with a pH-meter Elmetron 501 (PN). The content of soluble solids was determined with an PAL1 KonicaMinolta refractometer. L-ascorbic acid and NO 3 concentrations were measured with a RQflex 10 reflectometer Merck (oChmian et al. 2012) .
In unwashed fruits, after mineralization in H 2 SO 4 and H 2 O 2 , the total N content was determined with the Kjeldahl method. The content of K and Ca was measured with atomic emission spectrometry, whereas the Mg content was determined with flame atomic absorption spectroscopy using an SAA Solaar. The phosphorus content was determined with the Barton method at the wavelength of 470 nm, whereas sulphur was assayed with the turbidimetric method at 490 nm employing a spectrophotometer Marcel s 330 PRO. The content of microelements (Cu, Zn, Mn, Fe), after mineralization in HClO 4 and HNO 3 , was measured with flame atomic absorption spectroscopy on an SAA Solaar (IUNG 1972) .
The HPLC analyses of polyphenols were carried out with an HPLC apparatus consisting of a Merck-Hitachi L-7455 diode array detector (DAD) and quaternary pump L-119 7100 equipped with the D-7000 HSM Multisolvent Delivery System (Merck-Hitachi, Tokyo, Japan). The runs were monitored for phenolic acids at 320 nm, flavonols and luteolin glucoside at 360 nm, and anthocyanin glycosides at 520 nm. Retention times and spectra were compared to that of pure standards and total polyphenols content was expressed as mg per 100 g fruit tissue. Standards of anthocyanidin glycosides were obtained from Polyphenols Laboratories (Norway), while those for phenolic acids and flavonols were purchased from Extrasynthese (France).
In order to determine the significance of differences, a two-factor analysis of variance was carried out, followed by the assessment of the significance of differences using the Tukey's test. To determine the relation between the applied fertlizers and fruit firmness, chemical compositions and phenolic content, the results were subjected to an agglomerative cluster analysis and classified into groups in a hierarchical order by means of the Ward's method. The statistical analyses were performed using the Statistica software.
results and dIscussIon
The firmness of fruits, and especially their size, is a very important factor determining the yield quality and its durability while on the market. The results showed high variability of this parameter after using calcium-based foliar fertilisers (Table 1) . The foliar fertilisers, except for calcium chloride, allowed for obtaining larger fruits, as compared to the control. The largest fruits were collected from bushes sprayed with Lebosol (the average weight of 100 fruits was 365 g) and with Calcinit (333 g), the height of the fruits was 16.7 mm and 15.7 mm, respectively. Bushes treated with calcium chloride were characterised by the smallest fruits (the average height 14.0 mm, Table 1 The firmness and size of highbush blueberry in relation to the fertilisation and cultivars (average values for the years 2010-2012) Fertilizer and the diameter 18.7 mm). The firmness of fruits determines, amongst other things, the resistance to mechanical damage. It is assumed that this phenomenon occurs to a lesser extent in fruits with a good calcium content (Carl, SamS 1993 , Fallahi et al. 1997 . Reports concerning the influence of calcium on the firmness of blueberry fruits do not render unambiguous results. Fruits soaked in a calcium solution after harvesting were less susceptible to crushing (hanSon et al. 1993) . Also, fruits from the 'O'Neal' cultivar treated with calcium were firmer than fruits from the control bushes. However, this relationship was not confirmed by 'Bluecrop' fruits (angeletti et al. 2010) . The results obtained are also ambiguous, which is confirmed by an analysis of concentrations, the activity of the Calcinit fertiliser did not affect fruit firmness (Figure 1 ). Fruits sprayed with the Lebosol fertiliser had the highest calcium content (Table 2) ; however, they were the least firm. Undoubtedly, their size had an influence on this, large fruits are less firm. However, blueberries treated with the Folanx fertiliser contained a lot of calcium and were characterised by high firmness, both in the diameter and in the height and fruit resistance to mechanical damage (129-134 G mm).
Regardless of the fertilisers used, fruits of the tested cultivars were characterised by a lower firmness as compared to fruits from the 'Sierra' (440) and 'Patriot' cultivars (512 G mm) (oChmian et al. 2007 (oChmian et al. , 2009b . The chemical composition of fruits is an equally important parameter determining fruit quality. It affects both the taste and the health promoting properties of fruits. The analyses showed that cv. Brigitta fruits were characterised by a higher content of organic acids and a lower extract content (Table 3 ). Moreover, it was shown that all foliar fertilisers used, regardless of the cultivar, had an influence on the reduction of fruit acidity (from 0.35
The vertical line indicate the cut-off used to form the grups Fig. 1 . Dendrogram of cluster analysis for fertilizers based on average for firmness Table 2 The influence of calcium-based fertilisers on the macronutrient content in highbush blueberry fruits(g 100 g -1 f.w.) 
Folanx® Ca29
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The mean for fertilizer to 0.87 g 100 mL -1 ), as compared with the control (cv. Sunrise 0.55 and Brigitta 0.96 g 100 mL -1 , respectively) and a slight increase in the pH of the juice. These parameters are similar to those obtained by duan et al. (2011) . The influence of the fertilisers used on the extract content was diverse. The extract content in the cultivar Sunrise fruit was at a similar level (15.1-15.7%), while in cv. Brigitta fruits, the extract content was the highest in bushes sprayed with the Calcinit and Folanx fertilisers (14.9 and 14.7%). In studies by other authors, the extract content in fruits from the cultivars under analysis ranged from 10% to 14.6% (Prior et al. 1998 , Skupień 2006 , duan et al. 2011 ). The use of calcium fertilisers did not increased the L-ascorbic acid content, and in fruits collected from bushes sprayed with the Calcinit and Folanx fertilisers, it was found to be at a level (76 and 83 mg 1000 mL -1 ) lower than the control (105 mg 1000 mL -1 ). The use of Calcinit, Lebosol and Folanx fertilisers, on the other hand, had an influence on a higher nitrate content (on average 36.2241.1 mg 1000 mL -1 ) in fruits from both cultivars, as compared to control fruits (24.4 mg 1000 mL -1 ). Nevertheless, these are levels which are allowed for consumption even by children, according to the Polish standards.Similar levels were identified by other authors: from 15.5 to 34.7 mg NO 3 in 1000 g fruits (oChmian et al. 2009a (oChmian et al. , b, 2010 . To show similarities in the action of fertilisers, an analysis of concentrations was performed between the fertilisers used and the content of SS, TA, NO 3 and L-ascorbic acid (Figure 2) . All of the fertilisers affected the analysed features, and the action of Folanx and Calcinit was similar.
Owing to a high content of phenolic compounds as well as other biologically active substances, dark fruits are valued as products with pro-health
The vertical line indicate the cut-off used to form the grups Fig. 2 . Dendrogram of cluster analysis for fertilizers based on average for chemical compositions properties. Polyphenols are products of the secondary synthesis which protect from ultraviolet radiation and pathogens (de gara et al. 2003, hodgeS et al. 2004) . Their content largely depends on the cultivar (mikkonen et al. 2001) and fruit ripeness (Wang, jiao 2001) . In the authors' research, fruits from cv. Sunrise were richer in polyphenolic compounds (on average 314 mg 100 mL -1 ) than from cv. Brigitta (241 mg 100 mL -1 ) - Table 4 . Those levels were similar to those reported by moyer et al. (2002) It was found that the fertilisers did not have the same influence on this feature. The lowest polyphenolic content was found in cv. Brigitta fruits, control and sprayed with Folanx fertiliser, and in berries from the cultivar Sunrice collected from objects sprayed with calcium chloride. Fruits of both cultivars sprayed with Lebosol and Calcinit were characterised by the highest content of these compounds. A similar influence of these fertilisers was confirmed by an analysis of concentrations (Figure 3) . In highbush blueberry fruits, anthocyanins made up approx. 80% of all determined phenolic compounds. Among anthocyanins, the amount of delphinidin-3-galactoside was the highest, especially in fruits sprayed with Lebosol and Calcinit fertilisers (Table 5 ). In total, delphinidins made up approx. 50% of all determined anthocyanins. In research by lohaChoomPol et al. (2008) , this group of compounds consitituted 34-36% of all anthocyanins. In fruits collected from these bushes, a large amount of chlorogenic acid, which is a strong natural antioxidant, was also determined. The largest amounts of flavonoids, on the other hand, were found in cv. Brigitta fruits sprayed with calcium chloride and in cv. Sunrise' fruits sprayed with Lebosol.
The vertical line indicate the cut-off used to form the grups Fig. 3 . Dendrogram of cluster analysis for fertilizers based on average for phenolic compositions Table 4 The influence of calcium-based fertilisers on the polyphenol content in highbush blueberry fruits(mg 100 g -1 f.w.) : total flawonols A-2.6; B-3.1; AxB-3.6; neochlorogenic acid A-3.7; B-4.2; AxB-4.9; total anthocyanins A-16; B-19; AxB-26 ; SUME A-17;
b-21; axb-25
The results of the analyses confirmed the influence of the fertilisers used on the content of some macro-and micronutrients in fruits (Tables 2 and 6) . Generally, fruits from the Brigitta cultivar contained more calcium (0.15 g 100 g -1 ) than fruits from the Sunrise cultivar (0.09 g 100 g -1 ). All the tested foliar fertilisers increased its concentration in fruits from both cultivars ( Table 2 ). The fruits of cv. Brigitta sprayed with Lebosol had the highest calcium content (0.18 g 100 g -1 ). In other experiments, the use of foliar fertilisation with calcium also increased the level of this component in fruits (StüCkrath et al. 2008 (StüCkrath et al. , angeletti et al. 2010 . The content of this component obtained in this study was at a comparable level to that found by eiChholz et al. (2011), while being much higher than reported by hanSon (1995), who determined it as 0.04 g 100 g -1 .
A considerable increase in nitrogen levels was observed in fruits from both tested cultivars collected from bushes sprayed with Calcinit fertiliser. The composition of the fertiliser had undoubtedly some influence, as it contains nitrogen. It is also reflected by elevated nitrate levels (Table 3) . However, no influence of the fertilisers on the phosphorus content in fruits was observed. Phosphorus levels ranged from 0.07 to 0.14 g 100 g -1 . In contrast, the use of Lebosol and Calcinit fertilisers resulted in increased levels of potassium in fruits (0.69 and 0.64 g 100 g -1 ). The content of this ingredient in fruits sprayed with calcium chloride or Folanx fertiliser was at a similar level as in the control (from 0.49 to 0.54 g 100 g -1 ). An increased level of magnesium was observed only in fruits which were sprayed with Folanx fertiliser (0.07 g 100 g -1 ), and it was at a similar level in the other fruits (0.04-0.05 g 100 g -1 ). The macronutrient content, except for nitrogen, in the analyzed fruits was at a similar level as in fruits from the cultivars Sierra and Patriot examined by oChmian et al. (2009a,b, 2010) .
Fruits from the Sunrise cultivar contained more copper, zinc and manganese than fruits from the Brigitta cultivar (Table 6 ). It was found that the influence of the fertilisers used on the micronutrient content varied. The largest amount of copper was found in fruits collected from bushes sprayed with calcium chloride, while the zinc content was the highest when Lebosol was used. Calcinit and Folanx, on the other hand, increased the manganese levels; additionally, fruits treated with Calcinit were characterised by the highest iron content. Skupień (2004) found a considerably lower content of copper and zinc in highbush blueberry fruits (1.08-1.30 and 0.17-0.30 mg 100 g -1 ).
conclusIons
The application of foliar calcium fertilisers affected the quality of highbush blueberry fruits; however, the results depended on the fertiliser used. The main purpose of calcium supplementation is to fortifiy the mechanical resistance of fruits. Not all fertilisers contributed to the achievement of this effect, despite Table 5 The influence of calcium-based fertilisers on the anthocyanin content in highbush blueberry fruits(mg 100 g -1 f.w.)
Fertilizer
(AxB)
Cultivar (A)
Del-3ara
Del-3gal
Del-3glu
Cy-3ara
Cy-3gal
Cy-3glu
Pet-3ara
Pet-3gal
Pet-3glu
Peo-3ara
Peo-3gal Table 6 The influence of calcium-based fertilisers on the micronutrient content in highbush blueberry fruits (mg 100 g -1 ) Fertilizer (AxB) increasing the calcium content in fruits, especially ones sprayed with Lebosol fertiliser. Bushes sprayed with Lebosol and Calcinit fertilisers were characterised by the largest fruits; however, these fertilisers did not improve fruit firmness as compared to the control. They were, however, characterised by the highest content of valuable polyphenols. Fruits collected from bushes sprayed with Folanx fertilisers and calcium chloride were the firmest and the most resistant to mechanical damage. The latter fertiliser, however, had the least advantageous effect on the fruit size. All calcium-based fertilisers reduced the acidity of fruits and nearly all, except for calcium chloride, contributed to the accumulation of larger amounts of harmful nitrates.
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